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encoding of episodic memories, occurs even when the sensory aspect of the memory is 1 not being actively recalled (e.g.  Vaidya et al. 2002).  In the present study the question of 2 whether task relevance would affect the reactivation of facial mimicry was addressed by 3 having half the participants attend to the emotional aspect of the faces they viewed, 4 whilst the other half ignored the emotion and attended to the identity of the faces.  5  6 
Method 7 
Participants 8 Participants were 36 female undergraduates from Bangor University, recruited 9 in two cohorts of 18 participants. The first cohort completed the attend to identity 10 condition (mean age = 21.9 years, SD = 2.1 years), and the second cohort the attend to 11 emotion condition (mean age = 19.9 years, SD = 2.7 years).  All gave informed consent.  12 Women appear more responsive than men in their physiological reactions to emotional 13 facial expressions (Dimberg and Lundquist 1990).  Therefore a female cohort was 14 selected as being more likely to demonstrate initial embodiment.   15    16 
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of the faces seen during the learning phase. Their task was to monitor for occasional 1 oddball targets, where either an identity change or an emotion change occurred, 2 depending on the condition they had been assigned to for the initial encoding task.  It 3 was predicted that during the passive viewing trials, implicit retrieval of the prior 4 mimicry state associated with a face identity would occur, if learning had taken place.  5 Therefore, participants would show greater zygomaticus activity to those faces that had 6 
previously smiled that to those who previously frowned, and greater corrugator activity 7 to those faces that previously frowned than to those who previously smiled. 8 Finally the participants completed an explicit recall task, viewing neutral 9 versions of the previously seen faces, and making forced choice decisions about as to 10 whether the face had previously smiled or frowned.  11  In a mixed design, participants were divided into two groups.  One attended to 12 the emotion expressed on the faces during both the encoding, and implicit retrieval 13 tasks.  The other ignored the emotion and attended to the identity of the face. 14  15 
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Dynamic morphs of each neutral face identity morphing into both expressions of every 1 other face identity were also created, within sex.  In total this created 24 identity change 2 morphs, which were used as oddball trials in the initial learning task for participants 3 tasked with attending to identity.  For each participant eight morphs were randomly 4 selected, with each face appearing once as the end face of an oddball morph.  A further 5 set of two neutral male and two neutral female faces were also selected as oddball trials 6 for use in the subsequent implicit retrieval task for the participants who were tasked 7 with attending to identity.   8  9 
Procedure 10 
 After electrode placement, the participant completed the three tasks in order 11 described above.  The participants were told that the study was about sustained 12 attention and a story of frontal lobe recording was used to disguise the EMG measures.  13 The participants were not told that the same faces would be seen throughout the 14 experiment, or that any recall would be required. 15  16 
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facial mimicry (Dimberg and Thunberg 1998; Hess and Philipott 1998; Vrana and Gross 1 2004).  We used a larger number of trials during the initial encoding task than during 2 implicit recall to try and ensure the participants learned the emotions associated with 3 each face. 4 Figure 2 here 5  6  Explicit recall task.  Finally, participants were shown the eight faces seen in the 7 previous tasks and made a forced choice decision (‘A’ and ‘L’ keys assigned to condition, 8 counterbalanced) as to whether the face had smiled or frowned during the encoding 9 task.  Faces were presented once, with neutral expressions, for 2000ms, and separated 10 by a 2000ms fixation cross prior to presentation and blank screen afterwards.    11  12 
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arithmetic mean.  These bins were used as the level at which data were visualized.  For 1 data analysis data were averaged using the arithmetic mean, over whole trial periods 2 (e.g. the period during which an emotional face was on screen, or the blank period after 3 this).  Artifact trials were removed by eye before the data were matched to condition.  4 Error and post error trials were removed from the EMG analysis to account for error 5 related activity (Ekins-Brown, Saunders and Inzlicht 2016; Lindstrom, Mattsson-Marn, 6 Golkar and Olsson 2013) or post-error increases in effort (Van Boxtel and Jessuru 7 1993).  The first trial of each task was removed upon observation of noisier data in 8 these trials.  EMG data from oddball trials were not analysed.  For the encoding task the 9 mean number of (non-oddball) trials removed per participant was:  Attend to identity, 10 happy faces 4.0 trials (SD = 1.5), angry faces 4.7 trials (SD = 1.7); Attend to emotion, 11 happy faces 7.1 trials (SD = 2.2), angry faces 5.6 trials (SD = 1.4).  For the implicit recall 12 task the mean number of (non-oddball) trials removed per participant were:  Attend to 13 identity, previously happy faces 1.3 trials (SD = 1.0), previously angry faces 1.0 trials 14 (SD = 1.1); Attend to emotion, previously happy faces 2.1 trials (SD = 1.4), previously 15 angry faces 1.9 trials (SD = 1.1).   16    17 
Results & Discussion 18 
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identified as oddballs if they were such (new faces in attend to identity / emotional 1 faces in attend to emotion), or not responded to if they were standard trials.  Accuracy 2 rates were high across both the initial encoding and subsequent implicit recall tasks, 3 suggesting the participants were attentive to the stimuli.  During the learning tasks 4 mean accuracies were above 98%, for both the attend to emotion and attend to identity 5 conditions.  During the implicit recall tasks accuracies were above 94% for both the 6 attend to emotion and attend to identity conditions.   7  8 
Mimicry during Learning/encoding Task  9 Facial mimicry was calculated using the EMG responses elicited by the emotion 10 section of the morph videos, after the initial 1500ms neutral expression, when the face 11 became expressive, smiling or frowning for 1500ms.  This period also included the 12 2000ms blank screen after the offset of the face.  13 
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interaction between face emotion and time, F(1,34) = 14.03, p = .001, η2p = .292.  1 Further analysis with uncorrected t-tests revealed that the effect of face emotion was 2 detected while the emotional face was viewed, t(35) = 4.6, p < .001, but this effect was 3 transient as there was no effect when the subsequent blank screen was viewed, t(35) 4 = .73, p > .1.   5 The remaining significant effects did not involve the emotion factor, and thus 6 indicate effects on the overall corrugator activation regardless of emotion. There was a 7 significant effect of time, where corrugator activity increased from viewing faces to 8 viewing the subsequent blank screen F(1,34)=23.5, p < .001, η2p = .408 .  The only 9 significant between participants interaction effect was the interaction of task and time, 10 F(1,34) = 7.8, p = .009, η2p = .186.  Follow up uncorrected t-tests revealed that whilst 11 overall activity in the corrugator during the face and blank periods differed significantly 12 for those participants who attended to emotion, t(17) = 5.1, p < .001, the difference was 13 not significant for those who attended to identity, t(17) = 1.6, p > .1. 14  15 Figure 3 here 16 
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The next analysis examined the EMG data from the implicit recall section of the 1 experiment, where the participants viewed the faces that had previously smiled or 2 frowned, but this time showed neutral expressions.  Here we predicted that there would 3 be a reactivation of the facial mimicry responses detected in the encoding task. 4  5 Figure 4 here 6 
Implicit Recall Task (Neutral Faces)  7  A three-way mixed analysis of variance was carried out on these data, within 8 each muscle site, examining face emotion (previously appeared happy/previously 9 appeared angry), time (neutral face present/ blank screen) and task (attend to 10 identity/attend to emotion). 11  12 
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also observed less robust effects in corrugator than in zygomaticus muscles (e.g., 1 Cannon, Hayes and Tipper  2010) and have reported less robust mimicry of the socially 2 costly expression of anger, than on less costly expressions such as happiness and 3 sadness (Bourgeois and Hess 2008; Hess and Bourgeois 2006; but see Kirkham, 4 Pawling, Hayes, and Tipper 2015, for contrasting effects). 5  6 
Zygomaticus:   The data are presented in Figure 4, Panel b.  Most importantly 7 there was a main effect of prior face emotion, F(1,34) = 7.7, p = .009, η2p = .184, with 8 increased zygomaticus activation when viewing a neutral face that had previously 9 expressed a positive/smiling emotion as compared to a neutral face that had previously 10 expressed anger and this did not interact with the face property attended (emotion or 11 identity) F(1,34) < .1, p = .9, η2p < .1.   The remaining significant effects did not involve 12 the face emotion factor. There was a main effect of time, F(1,34) = 23.7, p < .001, η2p 13 = .410, with activation increasing from the face to blank periods.  Although the 14 interaction of task and time was significant, F(1,34) = 5.6, p = .02, η2p = .142, follow up 15 uncorrected t-tests revealed a significant increase in zygomaticus activity from the face 16 to blank periods in both participants attending to identity, t(17) = 2.9, p =.01,  and 17 emotion, t(17) = 4.0, p =.001.   18  19 
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smiled or frowned) was high amongst both those participants attending to emotion 1 (mean = 95.1%, SD = 7.6%) and those attending to identity (mean = 82.03 %, SD = 2 20.4%).  Both the attend to emotion (p < .001 for t-test against 50%) and attend to 3 identity (p < .001) groups performed above chance on this task, but, perhaps 4 predictably a comparison of the two groups’ performance showed that the group who 5 attended to emotion recalled significantly more faces’ prior emotions correctly, F(1,32) 6 = 6.4, p = .016.  It is also worth noting that the attend to identity group also saw oddball 7 trials at encoding, which might have interfered with learning.  8  9 
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19  
This does not mean the participants in the mimicry group mimicked every face, only 1 that on average they showed an effect that suggested mimicry.  We predicted that 2 retrieval of mimicry in the later retrieval stage can only be detected in the individuals 3 who originally mimicked, and while no significant effects were found in the corrugator 4 analysis, this was indeed the case for the zygomaticus muscle (N = 25; F(1,24) = 9.7, p 5 = .005, η2p = .287).  In sharp contrast, those who did not mimic the observed emotion in 6 the initial stage of the study also did not produce any evidence of mimicry in the later 7 retrieval stage (N= 11, F(1,10) = .011, p = .92, η2p = .001).  On the other hand, when 8 examining explicit recall of prior emotion the mimickers  (mean accuracy = 90.2%, test 9 against chance p < .001) and non-mimickers (mean accuracy 86.4%, test against chance 10 
p < .001) performed similarly.  Hence explicit recall is not reliant on implicit retrieval of 11 prior body states (e.g., Toplinski 2011).  Clearly the small sample size in the latter non-12 mimicry group requires that we are cautious and tentative with our conclusions, but 13 retrieval of prior embodied states predicts just such a result, and hence it is worthy of 14 future investigation. 15  16 
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reactivations only occur in individuals who demonstrate mimicry responses in the first 1 instance.  2  3 
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   Fig.  1.  Time-course of trials from (a) attend to emotion condition and (b) attend to identity condition of the encoding task  Fig.  2.  Time-course of trials from (a) attend to emotion condition and (b) attend to identity condition of the implicit recall task  Fig.  3.  EMG responses during the encoding task from the (a) corrugator and (b) zygomaticus muscles when the participants viewed faces smiling (Happy) and frowning (Angry).  Changescores are standardised units or change from baseline resting state.  Dotted lines represent transition points in the timecourse of the trial, as illustrated above the graph:  After fixation the face appeared with a neutral expression for 1500ms, transitioned to an emotional expression which remained on screen for 1500ms, before a blank screen appeared for 2000ms.  Fig.  4.  EMG responses during the implicit retrieval task from the (a) corrugator and (b) zygomaticus muscles when participants viewed neutral faces.  Changescores are standardised units or change from baseline resting state.  Dotted lines represent transition points in the timecourse of the trial, as illustrated above the graph:  After fixation the face appeared with a neutral expression for 2000ms, before a blank screen appeared for 2000ms.  
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